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Key indicators: single-crystal X-ray study; T = 290 K; mean o-(C-C) = 0.009 A; 
R factor = 0.069; wR factor = 0.217; data-to-parameter ratio = 14.3. 



The title compound, C16H20N4OS2, was synthesized by the 
reaction of 2-benzylsuIfanyI-5-chloroacetamido-l,3-4-thia- 
diazole and piperidine in a 1:2 ratio. The planes of the 
acetamide and 1,3,4-thiadiazole units are twisted by 10.8 (4)°. 
The thiadiazole S atom and the acetamide O atom are syn- 
oriented due to a hypervalent S- ■ O interaction of 
2.628 (4) A. In the crystal, molecules form centrosymmetric 
dimers via N— H- ■ -N hydrogen bonds. These dimers are 
further connected by C— H- • -O interactions into (100) layers. 

Related literature 

For physiological properties and syntheses of 1,3,4-thiadiazole 
derivatives, see: Turner et al. (1988); Chapleo et al. (1987); 
Cleici et al. (2001); Jain & Mishra (2004). For the structures of 
related 1,3,4-thiadiazole derivatives, see: Leung et al. (1992); 
Zhang (2009). 

N-N H 



Experimental 

Crystal data 

C16H20N4OS2 
M, = 348.48 
Monoclinic, Pl^jc 
a = 17.429 (4) A 



o 



b = 16.748 (3) A 
c = 5.8390 (12) A 
^ = 95.48 (3)° 
V = 1696.6 (6) A^ 



Z = 4 

Cu Ka radiation 
II = 2.92 mm"' 

Data collection 

Oxford Diffraction Xcalibur Ruby 

diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Oxford 

Diffraction, 2009) 

T^„ = 0.431, r„„, = 0.558 

Refinement 

R[F^ > 2a{F^)] = 0.069 

wR(F^) = 0.217 

S = 0.98 

2970 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



r = 290 K 

0.35 X 0.28 X 0.20 mm 



7003 measured reflections 
2970 independent reflections 
1521 reflections with / > 2a(l) 
R., = 0.117 



208 parameters 

H-atom parameters constrained 
Ap„ax = 0.41 e A"' 
Ap„i„ = -0.39 e A"^ 



D-H-A 


D-H 


H---A 


D---A 


D-H- - A 


N3-H3- ■ Nl' 


0.86 


2.08 


2.930 (7) 


169 


Cll-HIM-Ol" 


0.97 


2.55 


3.334 (8) 


138 


Symmetry codes: (i) — .v 


+ 1. -y + 1. -z - 


f f ; (ii) .V, 







Data collection: CrysAlis PRO (Oxford Diffraction, 2009); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
program(s) used to refine structure: SHELXS97 (Sheldrick, 2008) 
molecular graphics: XP in SHELXTL (Sheldrick, 2008); software 
used to prepare material for publication: SHELXTL, PLATON 
(Spek, 2009) and publCIF (Westrip, 2010). 

We thank the Academy of Sciences of the Republic of 
Uzbekistan for supporting this study (grant FA-F7-T185). 



Supporting information for this paper is available from the lUCr 
electronic archives (Reference: GK2599). 
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D. S. Ismailova^ R. Ya. Okmanov^ A. A. Ziyaev^ Kh. M. Shakhidoyatov and B. Tashkhodjaev 

1. Comment 

1,3,4-Thiadiazoless are a very important class of compounds because of their interesting physiological properties. 
Derivatives of 1,3,4- thiadiazoles show different biological activities such as antihypertensive (Turner et ah, 1988), 
anticonvulsant (Chapleo et al, 1987), anti-depressant (Cleici et al, 2001), and diuretic (Jain & Mishra, 2004). 
Acetazolamide, having a 1,3,4-thiadiazole moiety, is known in medicine as narcotic drug. 

The title compound was obtained m the reaction of 2-benzylsulfanyl-5-chloroacetamido-l,3,4-thiadiazole and 
piperidine in a 1 :2 ratio in the presence of benzene. The structure of the obtained product was confirmed by single-crystal 
X-ray analysis and 'H NMR spectroscopy. 

Molecular structure of title compound is shown in Figure 1. The acetamido- 1,3,4-thiadiazole 
(S1/C1/N1/N2/C2/N3/C10/O1/C11) unit is essentially planar [r.m.s. deviation 0.082 A]. The thiadiazole sulfur and the 
acetamido oxygen atoms are syn oriented due to a hypervalent interaction with the S—0 distance of 2.628 (4) A. In 
crystal, the molecules form centrosymmetric dimers through N-H—N hydrogen bonds (Table 1, Fig. 2). These dimers are 
further coimected by CU — ^H—01 interactions into (100) layers. As well as an mtramolecular S—0 hypervalent 
interaction [Sl-01 = 2.625 (5) A] was observed. 

2. Experimental 

To a solution of 2.99 g (10 mmol) of 2-benzylsulfanyl-5-chloroacetamido-l,3,4— thiadiazole in 15 ml benzene was added 
dropwise 1.7 g (20 mmol) of piperidme at room temperature. The reaction mixture was refluxed for 8 h. Benzene was 
distilled off, the residue was washed with water, 2% solution of NaOH, again with water and re-crystallized from hexane 
[yield 3.02 g (87%); m.p. 376-377 K]. Colourless crystals suitable for X-ray analysis were grown from hexane at room 
temperature. 

3. Refinement 

The H atoms were placed geometrically with N — H = 0.86 A, C — H =0.93 A for Car or 0.97 A for methylene group and 
included in the refinement in a riding model approximation with C/iso=1.2L'eq(C, N) 

Computing details 

Data collection: CrysAlis PRO (Oxford Diffraction, 2009); cell refinement: CrysAlis PRO (Oxford Diffraction, 2009); 
data reduction: CrysAlis PRO (Oxford Diffraction, 2009); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refme structure: SHELXS97 (Sheldrick, 2008); molecular graphics: XP in SHELXTL 
(Sheldrick, 2008); software used to prepare material for publication: SHELXTL (Sheldrick, 2008), PLATON (Spek, 2009) 
and publCIF (Westrip, 2010). 
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Figure 2 

Crystal packing viewed down the c axis with hydrogen bonds shown as dashed hnes. 
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yV-(5-Benzylsulfanyl-1,3,4-thiadiazol-2-yl)-2-(piperidin-1 -yl)acetamide 



Crystal data 

C16H20N4OS2 
M,= 348.48 
Monoclinic, P2i/c 
Hall symbol: -P 2ybc 
a = 17.429 (4) A 
fo= 16.748 (3) A 
c = 5.8390 (12) A 
ye = 95.48 (3)° 
F= 1696.6 (6) A' 
Z=4 



F(000) = 736 
1.364 

Melting point < 376(1) K 

Cu Ka radiation, i = 1.54184 A 

Cell parameters from 124 reflections 

61=5.9-35.8° 

fi = 2.92 mm"' 

r=290K 

Prizmatic, colourless 
0.35 X 0.28 X 0.20 mm 



Data collection 

Oxford Diffraction Xcalibur Ruby 

diffractometer 
Radiation source: Enhance (Cu) X-ray Source 
Graphite monochromator 
Detector resolution: 10.2576 pixels mm ' 
CO scans 

Absorption correction: multi-scan 

(CrysAlis PRO; Oxford Diffraction, 2009) 
7U = 0.431, 7;^ = 0.558 

Refinement 

Refinement on 

Least-squares matrix: full 

R[F > 2(7(7^)] = 0.069 

wR{F^) = 0.217 

5 = 0.98 

2970 reflections 

208 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



7003 measured reflections 
2970 independent reflections 
1521 reflections with 7 > 2(7(7) 
7?i„, = 0.117 

^max = 66.6°, ^min = 3.7° 

h = -20^20 
;c=0^19 
/ = 0^6 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1V(F„2) + (0.1068P)2] 

where P = (7^0^ + 27^e^)/3 
(A/tj)^ < 0.001 
Ap„^ = 0.41 e A-3 
Ap™„ = -0.39eA-3 



Special details 

Experimental. 'H NMR (400 MHz, CDCI3, DMSO): 7.30 (577, m, H-5,6,7,8,9), 6.36 (177, s, N-H), 4.39 (277, s, CH2- 
11), 3.17 (277, s CH2-3), 2.47 (477, t, J=5.0 Hz, CH2-12,16), 1.57 (477, m, CH2-13,15), 1.42 (277, t, J=5.1 Hz, CH2-I4). 
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of 7^ against ALL reflections. The weighted 7?-factor wR and goodness of fit S are based on 7^, 
conventional 7?-factors R are based on 7^, with 7^ set to zero for negative F^. The threshold expression of 7^ > (t(F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. 7?-factors based on 7^ 
are statistically about twice as large as those based on F, and 7?- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 



X J Z ^iso*/^5q 

51 0.52312 (7) 0.33111 (9) 0.9429(2) 0.0528(4) 

52 0.39119(9) 0.32063 (11) 1.2305 (3) 0.0642(5) 
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Atomic displacement parameters (A^) 
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C14— H14B 


0.9700 


C4— C5 


1.383 (8) 


C15— C16 


1.509 (8) 


C4— C9 


1.390 (8) 


C15— H15A 


0.9700 


C5— C6 


1.373 (8) 


C15— H15B 


0.9700 


C5— H5A 


0.9300 


C16— H16A 


0.9700 


C6— C7 


1.368 (9) 


C16— H16B 


0.9700 


C6— H6A 


0.9300 






CI— SI— C2 


86.0 (3) 


01— CIO— N3 


121.2 (5) 


C2— S2— C3 


102.7 (3) 


01— CIO— Cll 


123.7 (5) 


CI— Nl— N2 


111.6(5) 


N3— CIO— Cll 


115.0 (5) 


C2— N2— Nl 


112.3 (4) 


N4— Cll— CIO 


112.2 (5) 


CIO— N3— CI 


122.1 (5) 


N4— Cll— HllA 


109.2 
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CIO — N3 — HJ 


119.0 


("^ 1 (\ /^11 TT11A 

CIO — Cll — HUA 


1 AA ^ 

109.2 


CI — N3 — ^H3 


119.0 


XT d 11 T T 1 1 T~l 

N4 — Cll — HUB 


109.2 


Cll — ^N4 — C12 


111 / A\ 

111.3 (4) 


/~11A /^11 TT11T1 

CIO — Cll — HUB 


1 AA 

109.2 


1 1 XT /I 1 ^ 

Cll — ^N4 — Clo 


110.3 (5) 


TT11A /^11 TT11T> 

HllA — Cll — ^HllB 


1 AT A 

107.9 


C12 — JN4 — Clo 


1 1 A £ /CX 

110.6 (5) 


N4 — ClZ — C13 


1 1 A T f C\ 

110.7 (5) 


XT1 /"^ 1 XTT 

Nl — CI — N3 


121.9 (5) 


N 4 — C 1 z — H 1 z A 


1 AA C 

109.5 


XT1 1 CI 1 

Nl — CI — SI 


1 1 C f f A\ 

115.5 (4) 


/~^1'> TTI'^A 

C13 — C12 — H12A 


1 AA ^ 

109.5 


XTT 1 O 1 

N3 — CI — SI 


122.6 (4) 


XT /I /" < 1 ^ T T 1 'I r~) 

N4 — C 1 2 — H 1 2B 


109.5 


XT^ C 1 

Nz — Cz — SI 


11/1 zc; / /I \ 

114.6 (4) 


C13 — Clz — HlzB 


1 AA C 

109.5 


XT^ /^'^ 

N2 — C2 — S2 


127.4 (4) 


H12A — C12 — H12B 


108.1 


SI — C2 — S2 


1 1 O A / A\ 

118.0 (4) 


C12 — C13 — C14 


112.3 (5) 


CA — C3 — S2 


114.5 (5) 


C12 — C13 — H13A 


109.1 


C4 — C3 — H3B 


1 AO £ 

108.6 


C14 — C13 — H13A 


1 AA 1 

109.1 


S2 — C3 — H3B 


1 AO £1 

108.6 


/~11'^ 1 1 TT1 '>T1 

C12 — C13 — H13B 


1 AA 1 

109.1 


C4 — C3 — H3C 


108.6 


C14 — C13 — H13B 


109.1 


S2 — C3 — H3C 


108.6 


T T 1 1 A 1"^ IT T T 1 O n 

H13A — C13 — H13B 


107.9 


H3B — C3 — H3C 


1 AT ^ 

107.6 


/^I'J /^1/1 /~^1C 

C13 — C14 — C15 


1 1 A yl { Z\ 

110.4 (5) 


C5 — C4 — C9 


1 1 O A //'X 

118.0 (6) 


C13 — C14 — H14A 


1 AA /T 

109.6 


C5 — C4 — C3 


121.2 (5) 


C15 — C14 — H14A 


109.6 


cy — C4 — C3 


1 '^A T 

120.7 (6) 


C13 — C14 — H14B 


1 AA 

109.6 


Co — C5 — C4 


120.6 (6) 


C15 — C14 — H14B 


1 AA ^ 

109.6 


f~^/' f^C TfC A 

Co — C5 — ^H5A 


1 1 A T 

119.7 


TT1 A A 1 /I TT1 /IT> 

H14A — C14 — H14B 


1 AO 1 

108.1 


C4 — C5 — H5A 


119.7 


C16 — C15 — C14 


110.3 (5) 


t~^n t~^iL r^z 

L.1 — Co — C5 


1 1 A ^'^\ 

121.0 (7) 


Clo — C15 — H15A 


1 AA 

109.6 


r^n tt^ a 

C7 — Co — HoA 


119.5 


C14 — CI 5 — H15A 


1 AA ^ 

109.6 


C5 — Co — HoA 


119.5 


C16 — C15 — H15B 


109.6 


Co — C7 — C8 


118.7 (6) 


1 A f~' '\ C T T 1 C 1~* 

C14 — C15 — H15B 


109.6 


r~^n XT'? A 

Co — C7 — H7A 


1 OA 

120.6 


TT1 C A 1 C TT1 CT~* 

Hi5A — C15 — H15B 


1 AO 1 

108.1 


r^o r^n nn A 

C8 — C7 — ^H7A 


120.6 


N4 — C16 — C15 


111 c /c\ 

111.5 (5) 


C9— C8— C7 


121.0 (6) 


N4— C16— H16A 


109.3 


C9— C8— H8A 


119.5 


C15— C16— H16A 


109.3 


f~^'n /~*0 TTO A 

C7 — C8 — ^H8A 


119.5 


XT/I 1 ^ TT1 ZTTl 

N4 — Clo — HloB 


1 AA '> 

109.3 


/-io /~if\ r^A 

Co — cy — C4 


120.6 (6) 


c c tji /CD 
Cl3 — Clo — HloB 


109.3 


c~*o i~^r\ TTr\ A 

C8 — C9 — H9A 


119.7 


TT1 £1 A 1 H TT1 /"n 

H16A — C16 — H16B 


1 AO A 

108.0 


C4 — C9 — H9A 


1 1 A T 

119.7 






1 XT1 XT'l /^'^ 

C 1 — N 1 — N z — Cz 


0.3 (7) 


C5 — C6 — C7 — C8 


—lA (Iz) 


XT^ XT1 1 XT'? 

Nz — N 1 — C 1 — Ni 


176.5 (5) 


i~^n r^o /^a 

C6 — C7 — C8 — C9 


2.3 (12) 


XT'^ XT1 1 C" 1 

N2 — Nl — CI — SI 


-2.1 (7) 


C7 — C8 — C9 — C4 


-0.6 (12) 


r^A c\ XT'> 1 XT 1 

CIO — N3 — CI — Nl 


177.3 (5) 


A /~1A /~lO 

C5 — C4 — C9 — C8 


1 1/1 A\ 

-1.1 (10) 


1 A XT'? 1 O 1 

CIO — N3 — CI — ISl 


-4.2 (8) 


C3 — C4 — C9 — Co 


175.8 (6) 


/^'^ CI 1 XT1 

C2 — SI — CI — Nl 


2.5 (5) 


/"^ 1 XTT 1 A /^1 

C 1 — N 3 — C 1 0 — 0 1 


—4.4 (9) 


f~^'^ O 1 /"^ 1 XTO 

C2 — SI — CI — ^N3 


1 T/' 1 

-176.1 (5) 


/~11 XT'T 1 A 1 1 

CI — ^N3 — CIO — Cll 


172.2 (5) 


N i — Nz — Cz — Si 


1.7 (7) 


Clz — N4 — Cii — CiO 


163.5 (5) 


Nl— N2— C2— S2 


-179.1 (4) 


C16— N4— Cll— CIO 


-73.3 (6) 


CI— SI— C2— N2 


-2.3 (5) 


01— CIO— Cll— N4 


-37.3 (8) 


CI— SI— C2— S2 


178.4 (4) 


N3— CIO— Cll— N4 


146.2 (5) 


C3— S2— C2— N2 


-14.8 (6) 


Cll— N4— C12— C13 


-178.0 (5 


C3— S2— C2— SI 


164.4 (3) 


C16— N4— C12— C13 


58.9 (7) 
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CI ^9 CA 






INT V 1 z. i J V 1 H 




S2— C3— C4— C5 


-88.5 (7) 




C12— C13— C14— C15 


52.9 (8) 


S2— C3— C4— C9 


94.7 (6) 




C13— C14— C15— C16 


-52.0 (8) 


C9— C4— C5— C6 


1.0 (10) 




Cll— N4— C16— C15 


176.8 (5) 


C3— C4— C5— C6 


-175.9 (6) 




C12— N4— C16— C15 


-59.6 (7) 


C4— C5— C6— C7 


0.7 (12) 




C14— C15— C16— N4 


56.1 (8) 


Hydrogen-bond geometry (A, °) 


D—n-A 




Z)— H 


n-A D-A 


D—n-A 


N3— H3-N1' 




0.86 


2.08 2.930 (7) 


169 


Cll— HlU-01" 




0.97 


2.55 3.334 (8) 


138 



Symmetry codes: (i) -xf 1, ->H-1, -z+1; (ii) ;c, ->H-l/2, z-1/2. 
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